Background: Oral tongue/floor of mouth squamous cell carcinoma (OTFMSCC) with a depth of invasion (DOI) > 10 mm involves extrinsic muscles and lingual neurovascular/lymphatic bundles. "Compartmental" hemiglossopelvectomy (CHGP) was developed to improve loco-regional control by "en bloc" removal of tumor and its pathways of spread. Methods: We conducted a retrospective observational study on 45 CHGPs performed at a single institution for OTFMSCC with a DOI > 10 mm at CT/MR. Group A (n = 35) included naïve patients, and group B (n = 10) recurrent cancers. We evaluated 2-year overall survival (OS), disease-free survival (DFS), local control (LC), and loco-regional control (LRC). Results: Two-year OS, DFS, LC, and LRC were 80%, 91%, 100%, and 94% for group A, and 27%, 26%, 67%, and 36% for group B, respectively. Salvage surgery and positive margins were significantly associated with worse prognosis. Conclusion: CHGP is a reliable oncologic approach in primary surgery for advanced OTFMSCC. In recurrent cancers, survival remains poor.
| INTRODUCTION
Treatment of oral squamous cell carcinoma (OSCC) has not substantially changed during the last decades and consists of surgery alone for early T categories and multimodal approaches (surgery and radiotherapy [RT]/chemoradiotherapy [CRT] in different sequences) for more advanced lesions. Despite significant advances in terms of oncologic outcomes observed in tumors affecting other head and neck sites (as the oropharynx and larynx), 1,2 5-year overall survival has not significantly improved for the advanced stages of OSCC. [3] [4] [5] In Europe, OSCC more frequently involves the mobile tongue and floor of mouth, 2 subsites that present many similarities in relation to the patterns of cancer spread. The standard approach for oral tongue and floor of the mouth squamous cell carcinoma (OTFMSCC) traditionally consists in wide surgical excision within 1-2 cm of macroscopically healthy margins around the lesion. 6 However, there is no universally accepted consensus on the amount of tissue that could be considered as a "safe margin" in the management of this type of cancer. Moreover, the complex anatomy of these subsites and their crucial role in swallowing and speech place the surgeon in the difficult situation of choosing the plane of dissection in between a tangled array of muscles, nerves, and glandular structures, sometimes making it hazardous to maintain the proper distance from the boundaries of the tumor itself. Therefore, a standardized definition of surgical margins and a reproducible way of obtaining tumor removal within safe margins are strongly needed. The 7th edition of the TNM staging system for OSCC mainly based the stratification of lesions on the superficial two-dimensional extension of cancer (for T1-T3 categories), while depth of invasion (DOI), defined only for T4a as involvement of "deep or extrinsic muscles", was definitively underestimated. 7 The 8th edition of the TNM staging system introduced the DOI as a major negative prognosticator in OSCC. 8 According to these changes, tumors with a DOI up to 5 mm are considered T1, from 5 to 10 mm T2, whereas those >10 mm are included in the T3 category, thus no longer considering extrinsic muscles invasion as a criterion for defining tumor invasiveness. These new criteria are in keeping with the fact that DOI has been already demonstrated to be the most powerful negative prognosticator in terms of loco-regional control due to the presence of crucial neurovascular, glandular, and intrinsic/extrinsic muscular structures laying in a relatively close proximity to the mucosa, which create potential routes for tumor spread. Once the tumor has reached these potential avenues for its progression, the entire hemilingual compartment should be considered at risk for vascular invasion, perineural spread, lymphatic dissemination to the T-N tract, and, ultimately, regional lymph nodes metastasis. Based on this sequence of events, in 2011 Calabrese et al. proposed the compartmental tongue surgery concept, derived from sarcomas surgical technique, in which the phylosophy is to remove the entire hemitongue with the adjacent floor of mouth, which contains the tumor with its main pathways of progression (muscles, lymphatics, vessels, and nerves) in conjunction with the adjacent areolar soft tissues and lymph nodes. 9 The aim of this retrospective study is to present our experience in applying this surgical approach to patients with OTFMSCC, with special emphasis on oncologic outcomes in the primary and salvage surgical settings.
| MATERIALS AND METHODS
This retrospective observational study included 45 patients treated at the Department of Otorhinolaryngology, Head and Neck Surgery of the University of Brescia, Italy, from February 2007 to February 2014 for biopsy-proven OSCC of the mobile tongue and/or floor of the mouth. Tumor extension to the base of tongue/palatine tonsil, as well as surgical procedures requiring marginal mandibulectomy, was included in the study. The present series encompassed both previously untreated patients (group A), as well as subjects already treated elsewhere by surgery and/or RT/CRT (group B) as shown in Table 1 . Exclusion criteria were tumor crossing the midline, need for segmental mandibulectomy, buccal mucosa or skin removal, primary oropharyngeal tumor, and presence of distant metastases.
Preoperative assessment included conventional oral examination coupled with endoscopy by 0 and 30 rigid telescopes under white light and Narrow Band Imaging (Olympus Medical System Corporation, Tokyo, Japan). The first-choice imaging technique was MR with contrast agent administration to assess tumor extension together with the potential soft tissue spread and mandibular bone involvement. When MR was contraindicated for presence of vascular clips, prosthetic implants, or claustrophobia, CT with contrast agent was performed. Ultrasonography was routinely adopted to assess lymph nodes status, with fine needle aspiration cytology in case of suspicious metastasis. Preoperative positron emission tomography (PET)-CT or total body CT scan was performed for assessment of distant metastases. Our indication for compartmental hemiglossopelvectomy (CHGP) was a tumor with a DOI at preoperative imaging >10 mm (with ensuing involvement of extrinsic muscles of the tongue and therefore staged as cT4 according to the 7th edition of the TNM staging system, now reclassified as cT3 in the latest TNM edition), 7, 8 irrespective of its superficial extension.
All patients were treated with the same surgical approach via a pull-through technique, including removal of both intrinsic and extrinsic lingual muscles up to their distant insertions to the styloid process, hyoid bone, mandible, digastric and milo-hyoid muscles, sublingual and submandibular glands, lingual and hypoglossal nerves, and lingual artery and veins. All patients received temporary tracheotomy and nasogastric feeding tube placement at the beginning of the surgical procedure. After completion of neck dissection, the tumor was approached starting from the neck, keeping the nodes attached in continuity with the floor of the mouth. Milohyoid, geniohyoid, and genioglossus muscles were separated along the midline from the contralateral ones, until reaching the midline raphe in the body of the tongue. The anterior belly of the digastric and mylohyoid muscles were detached from their mandibular and hyoid insertions. The posterior belly of digastric was cut posteriorly to the crossing with the facial artery in order to expose this vessel, which was generally used for free flap revascularization. Subsequently, the hypoglossus was detached from the hyoid bone, and the lingual artery and hypoglossus nerve were divided. The geniohyoid and genioglossus muscles were detached from the hyoid bone and mandibular symphysis, while the styloglossus and stylohyoid were detached from the styloid process. At this point, tumor resection proceeded transorally, with the tongue sectioned along the midline raphe starting from its tip and moving posteriorly until reaching the cut previously made from below in between the geniohyoid and genioglossus muscles. Attention was paid to control the disease on the midline and to verify that it did not involve the contralateral hemitongue. The incision line then turned laterally along the internal aspect of the mandible up to the amigdalo-glossus sulcus. The lingual nerve was transected, and frozen section examination of the cranial stump was performed. At this point, the surgical specimen was pulled into the neck, and hence the posterior resection was carried out at the level of the glosso-epiglottic vallecula. Frozen sections were subsequently performed to confirm radical resection. A microvascular reconstruction using fasciocutaneous free flaps was planned according to the surgical defect size, patient characteristics, and morbidities. The 2 options adopted encompassed radial forearm and anterolateral thigh free flaps.
Indications for adjuvant postoperative treatment (RT/CRT) were positive surgical margins, >2 metastatic lymph nodes, presence of extracapsular spread (ECS+), perineural infiltration, and vascular invasion.
Statistical analysis was carried out using STATA 13 software (STATA Statistics/Data Analysis 13.0 -STATA Corporation, College Station, Texas). Comparisons between categorical variables were performed with the Pearson chi-square or Fisher exact tests. Continuous variables were compared by the Wilcoxon-Mann-Whitney test. Overall survival (OS), diseasefree survival (DFS), local control (LC), and loco-regional control (LRC) were evaluated by the Kaplan-Meier product limit estimate. Specific survival was calculated in the treated patients alive or dead for disease, by excluding patients lost to followup or dead for concurrent diseases. Comparisons between survival curves were carried out with the log-rank test. For patient survival evaluation, the entry time point was the date of CHGP, whereas the final time point was the date of death or the date of last follow-up for patients alive at the end of the study (censored observations). The final time point for LC was the date of the first local recurrence (patients who died without any local recurrence were considered as censored). The final time point for LRC was the date of the first local, regional, or locoregional recurrence (patients who died without any recurrence were considered as censored). Only univariate analysis was performed due to the limited sample size and number of events.
Functional evaluation in terms of swallowing and speech was prospectively performed in 28 (62%) patients after a minimum of 6 months from the end of treatment (range, 6-14 months; median, 9): 26 in group A (93%), and 2 in group B (7%). Deglutition was objectively assessed by videoendoscopic evaluation of swallowing with colored liquids and videofluoroscopy with barium (using a simplified rating system as level I, or no food entering in the laryngeal vestibule; level II, or food entering in the laryngeal vestibule without subglottic aspiration; level III, or subglottic/tracheal aspiration). Swallowing was also subjectively rated by the patients according to the University of Washington Quality of Life scoring system. Speech intelligibility was objectively evaluated as the number of words correctly understood over the phone by an inexpert listener, as well as subjectively assessed by the patients themselves again according to the University of Washington Quality of Life scoring system.
| RESULTS
Postoperative histopathologic evaluation of DOI turned out to have been correctly predicted by CT/MR in 42 (93.3%) patients (mean DOI, 14 mm; range, 10-30), whereas 3 (6.7%) surgical specimens showed a DOI < 10 mm (mean, 5 mm; range, 4-6) and had been therefore overestimated by preoperative imaging ( Table 1 ). The presence of focal margin positivity in surgical specimens was detected in 11 (24%) patients, 6 in group A and 5 in group B. The most frequently observed positive margins were the mucosal ones (8 cases). Among them, the lateral margin was positive in 5, the posterior in 2, and the medial and anterior in 1 each. One patient had a concomitant involvement of the lateral and posterior margin. The deep resection margin was focally involved in 6 patients (3 of which also had a superficial positive margin).
Mean follow-up was 35 months (range, 1-90). At the last follow-up (December 2016), 24 patients (53.3%) were alive with no evidence of disease, 3 (6.7%) alive with disease, Table 2 and Figures 1-3 . Patient-related factors, tumor characteristics, and postoperative treatment were analyzed to assess their influence on OS, DFS, LC, and LRC. The variables considered were sex, age, preoperative treatments (groups A vs B), extension to the oropharynx, postoperative RT/CRT, surgical margins, DOI, number of positive lymph nodes, and ECS+. Salvage surgery (group B) was significantly associated with worse prognosis considering OS, DFS, LC, and LRC (all P < .001). Presence of positive margins in the surgical specimen was a statistically significant negative prognosticator for OS (P = .01) and DFS (P = .05) only. No other variables showed a statistically significant impact on survivals. Detailed statistical data are shown only for OS in Table 3 .
The videoendoscopic evaluation of swallowing by colored liquids and food was as follows: no laryngeal vestibule food entering in 79%, vestibule food entering without subglottic/tracheal aspiration in 21%, and subglottic/tracheal aspiration in 0%. On the other hand, videofluoroscopic evaluation of swallowing with barium turned out to be 50%, 23%, and 27%, respectively.
Speech intelligibility was <60% of the words in 7% of patients, between 60% and 80% in 33%, and >80% in 60% of subjects.
Subjective assessment of swallowing by the University of Washington Quality of Life scoring system was rated as normal by 20% of patients, with difficulties in eating some solid foods by 53%, with limitation to a liquid or semiliquid diet by 23%, and with persistent cough by 3%. Concerning quality of speech, 23% of patients reported no significant difference in respect to the preoperative function, 73% FIGURE 1 Overall survival in group A (primary surgery) and group B (salvage surgery) FIGURE 2 Loco-regional control in group A (primary surgery) and group B (salvage surgery) FIGURE 3 Disease-free survival in group A (primary surgery) and group B (salvage surgery) evidenced troubles with some specific words not affecting comprehension during phone calls, and 3% reported to be understood only by friends and family.
| DISCUSSION
Mobile tongue anatomy is characterized by the presence of complex three-dimensional intrinsic and extrinsic muscular arrangements, multiple connective septa containing neurovascular bundles, and sublingual salivary glands surrounded by areolar tissue in close relationship with its ventral mucosa. The importance of the extrinsic muscles for oncological reasoning was also underlined by the 7th edition of the TNM classification, 7 which considered T4a as any tumor reaching such muscles, as their fibers may represent the most viable routes for OTFMSCC progression into the neck and up to the skull base. Each genioglossus is separated from the contralateral one by a midline raphe, an avascular fibrous tissue virtually acting as a barrier to the tumor progression from 1 hemitongue to the opposite, thus identifying 2 separate compartments. Apart from this midline septum, other septa exist in each lingual compartment: (1) the paramedian septum between the genioglossus and the hyoglossus muscles, dividing the sublingual space into a medial region containing the lingual artery and vein, and a lateral portion occupied by the hypoglossal and lingual nerves, sublingual and submandibular glands; and (2) the lateral septum between the hyoglossus and styloglossus muscles, in which the lingual artery, glossopharyngeal nerve, branches of the hypoglossus, and lingual nerves are located. 10 All these structures represent essential pathways for neoplastic progression inside each lingual compartment due to the presence of vessels, nerves, and connective tissue. A surgical approach taking into account such potential spread should therefore allow, at least in theory, superior local and regional control of deeply infiltrating OTFMSCC. As underlined by Boland and coworkers, 11,12 the lingual extrinsic muscles are in close relationship (in the range of few millimeters) with the mucosa overlying the floor of the mouth and lateral portion of the lingual body. Therefore, in the past edition of the TNM, any lesion reaching these muscles was upstaged as T4 even though the DOI was relatively shallow. The present edition of the TNM staging system of OSCC, in contrast, has introduced a welcome cutoff criterion of 10 mm to upstage early tumors (T1-T2) to more advanced T3. 8 The present study is therefore in keeping with such a change of mindset to the OTFMSCC staging and demonstrates how tumors exceeding 10 mm in DOI may be cured in a substantial rate by the CHGP approach described herein. Five-year OS for OSCC of the mobile tongue and floor of mouth has not substantially changed over the last 3 decades despite improvements in diagnostic techniques and adjuvant nonsurgical treatments.
3,5,13 Therefore, we cannot rule out that such a lack of improvement is not due to suboptimal understanding of the biological behavior and natural history of tongue cancer, associated with a traditional surgical attitude of maintaining a 1-2 cm margin of healthy tissue around the macroscopically visible tumor. 6, 14, 15 In fact, it is clear how such a surgical margin policy, successfully adopted for early OSCCs, in case of more advanced diseases maintains a local relapse rate between 9% and 25% even in the presence of negative histopathologic margins. 16 A number of factors such as neurovascular involvement and lymphatic tumor embolization well beyond the histologically examined surgical margins could easily explain such a dismal phenomenon. On the top of this, a number of studies found in the deepest portion of the tumor, at the interface with the healthy tissue, the most aggressive cell clones. [17] [18] [19] Moreover, it is well established that the most important prognosticators for loco-regional and distant control in OTFMSCC is DOI, with an increased risk of occult and overt lymph nodes metastases when tumor thickness exceeds 4 mm. 20 According to these premises, it is pivotal to select a cutoff for preoperative DOI in order to correctly plan surgical resection discerning early lesions, treated by a standard transoral approach, from locally advanced tumors to be treated by CHGP. In our series, we adopted the 10 mm DOI as evaluated by MR/CT as the ideal limit to shift from a transoral approach to a compartmental resection. Beyond such a 10 mm threshold, in fact, tumor infiltration reaches the paramedian and lateral septa containing the neurovascular avenues of distant progression as already mentioned. By contrast, the midline raphe and the mandibular periosteum represent solid barriers to neoplasm invasion toward the opposite hemitongue and the adjacent skeletal framework. To control downward tumor extension to the sublingual space and lymph nodes of the first level, the CHGP approach herein applied encompasses the "en bloc" removal of the entire hemitongue together with the ipsilateral floor of the mouth and muscles forming the oral pelvis. In contrast, the traditional surgical approach of maintaining a 1-2 cm cuff of healthy tissue around the tumor is increasingly complicated when dealing with the deepest portion of the lesion due to the intricate anatomy of the extrinsic muscles previously mentioned.
The compartmental surgery concept of tailoring oral tongue cancer resection not on the tumor margins, but on the anatomical boundaries of the tongue/floor of the mouth compartment, is based on previous studies in which Calabrese and coworkers demonstrated how tumor progression behaved in a predictable fashion, starting longitudinally along the extrinsic and intrinsic musculature, and then deflecting deeper following the avenues of extrinsic muscles, neurovascular bundles, and glandular/areolar tissues. 16 In fact, the authors compared 50 patients treated with "traditional" surgery with resection margins ≥1 cm and 143 subjects managed by CHGP. Their results in the latter group showed a 5-year LC, LRC, and OS of 88.4%, 83.5%, and 70.7%, respectively, with an improvement of 16.8%, 24.4%, and 27.3% respectively, compared to the control group.
These oncologic outcomes favorably compare with those observed in the present study where, in the group of previously untreated subjects, we found a 2-year OS, LC, and LRC of 80%, 100%, and 93.8%, respectively. However, in group B we did not find any benefit from using the CHGP approach, thus confirming how in such a scenario prognosis in terms of survival and local control still remains extremely poor. Our univariate analysis, in fact, showed how salvage surgery and positive margins negatively affected 2-year OS. These findings are in line with those of other authors, as in the series from Agra et al., 68% of patients treated by salvage surgery for OSCC presented a relapse within 2 years from surgery and more than half died for tumor within 12 months. 21 According to these data, it is clear how the CHGP approach can greatly improve oncologic outcomes of untreated patients when compared to "standard" techniques in terms of local and regional controls, while survival and disease control still remain extremely poor in the salvage setting. However, we should underline how such direct comparisons with the literature related to "traditional" surgical tongue resections are to be considered virtually impossible for lacking data concerning the DOI and the amount of healthy tissue three-dimensionally removed around the tumor itself. A major criticism of this type of surgical approach may be its aggressiveness and ensuing adverse functional outcomes. At present, no study focusing on these aspects after CHGP has been published but, as postulated by Calabrese and colleagues, 16 once the muscular fibers have been resected, these are no longer functional and may create scar tissue encasing the residual tongue thereby reducing its degree of movement. For this reason, the reconstruction of such a defect using a pliable soft tissue free flap is mandatory to separate the oral cavity from the neck and to maintain the unaffected hemitongue able to move and supply the lack of the contralateral resected compartment. Even though larger series will be needed to appropriately evaluate the functional impact of free flaps reconstruction on the outcomes of CHGP, our preliminary data seem to confirm the possibility to obtain a good quality of life in terms of swallowing and speech even after such an aggressive surgical approach.
